Introduction
============

Semen analysis has been used as the first step in the determination of male factor infertility and semen quality is determined according to the concentration, motility, and morphology of the spermatozoa. However, semen parameters set by the World Health Organization (WHO) have been criticized for inadequate discriminative power in the assessment of male infertility \[[@B1]\], and values for these standard semen parameters do not exclude the possibility of normal fertility \[[@B2]\].

Therefore, the development of new tests that differentiate between fertile and infertile men is needed. Recently, several studies have indicated an increase in the rates of sperm chromosomal aneuploidy, sperm DNA, and chromatin condensation abnormalities in semen samples of male partners from couples with recurrent spontaneous abortion (RSA) compared to fertile controls \[[@B3]-[@B6]\]. However, on the other hand, other studies have reported that sperm DNA integrity is not associated with unexplained RSA \[[@B7],[@B8]\].

To detect these sperm abnormalities, several techniques including cytochemical assays, flow cytometic-based sperm chromatin structure assay, comet assay, and terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick end labeling (TUNEL) assay have been investigated. Cytochemical assays are sensitive, simple, and inexpensive since they do not require special instruments such as flow cytometry \[[@B6]\]. DNA single and double strand breaks appear in the fully mature sperm \[[@B9]\]. Toluidine blue (TB) staining has been reported to be a sensitive test for incomplete DNA structure and packaging \[[@B6]\]. Additionally, aniline blue (AB) staining is used for visualization of sperm chromatin condensation \[[@B10]\]. This staining is based on the detection of lysine residues with AB as a measure of an excess of histones remaining bound to the sperm DNA \[[@B11]\]. The chromosomes of sperm cells are tightly packaged into a complex of DNA and protamines, as somatic histones are replaced during spermiogenesis \[[@B12]\].

The aim of the present study was to examine the relationship among male age, strict morphology, sperm chromatin structure, and condensation evaluated by TB and AB tests. Moreover, we aimed to assess whether the routine use of these tests for male partners is useful.

Methods
=======

1. Study participants
---------------------

A total of 100 semen samples were obtained from men visiting our laboratory for infertility evaluation. The average age of the males was 37.6 years. This study was approved by the Institutional Review Board of the Seoul National University Hospital (H-1012-102-345) and informed written consent was obtained from each participant.

2. Semen analysis
-----------------

After avoiding coitus for at least three days, all semen samples were obtained by masturbation at the time of semen analysis or oocyte pick-up. After liquefaction for 30 minutes at room temperature, each sample was routinely assessed using computer-assisted semen analysis (CASA, FAS2011, Medical Supply Co., Seoul, Korea). Semen quality was used to analyze the sperm parameters (volume, CASA, and strict morphology) according to the WHO criteria \[[@B1]\].

Thereafter, several smears were prepared from each specimen to record the strict morphology and chromatin status, using TB and AB staining. For the strict morphology, Hemacolor (Merck, Darmstadt, Germany) staining was done, and 200 spermatozoa were analyzed under light microscope using oil immersion with magnification of ×1,000. If the percentage of normal sperm was the same or greater than 4%, it was considered normal.

3. Toluidine blue stain
-----------------------

The TB stain was performed as described earlier \[[@B13],[@B14]\]. Briefly, thin smears were prepared on silane-coated slides (MUTO Pure Chemicals Co. Ltd., Tokyo, Japan). Air-dried smears were fixed in freshly prepared 96% ethanol-acetone (1:1) at 4℃ for 1 hour and air dried, then hydrolyzed in 0.1 N HCl at 4℃ for 5 minutes. Thereafter, the slides were rinsed 3 times in distilled water for 2 minutes and finally stained with 0.05% TB (in 50% McIlvaine\'s citrate phosphate buffer, pH 3.5, Merck) for 5 minutes at room temperature. The slides were rinsed briefly in distilled water.

Under light microscopic evaluation, a total of 300 spermatozoa were counted in different areas of each slide using oil immersion with ×1,000 magnification. Sperm cell heads with good chromatin integrity were light blue; those of diminished integrity were deep violet (purple). Deep violet sperms were considered to be abnormal ([Figure 1](#F1){ref-type="fig"}), and the percentage of sperms with a deep violet color was determined.

4. Aniline blue stain
---------------------

To perform this staining, sperms were stained with AB-eosin as described in a previous report \[[@B15],[@B16]\]. The slides were prepared by smearing 10 µL of each raw semen sample. The slides were air-dried and then fixed in 4% formalin (Junsei Chemical Co., Ltd., Tokyo, Japan) for 5 minutes at room temperature, rinsed in water, and stained in 5% aniline blue (Sigma-Aldrich Co., St. Louis, MO, USA) in 4% acetic acid (pH 3.5) solution for 5 minutes. After 5 minutes, the slides were rinsed in water and stained in 0.5% eosin (Merck) for 1 minute. This was followed by rinsing and air drying of the slides. Under light microscopic evaluation, 300 spermatozoa were counted in different areas of each slide using ×1,000 magnification. Immature sperm were stained dark blue by the eosin counterstain. The percentage of abnormal sperm chromatin condensation was calculated as the ratio of the number of dark-blue sperm to the total number of sperm analyzed.

5. Grouping of the study participants
-------------------------------------

The study participants were grouped according to age as described by de la Rochebrochard and Thonneau \[[@B17]\]: ≤34, 35-39, and ≥40 years.

6. Statistical analysis
-----------------------

Statistical analysis was performed using SPSS ver. 19.0 (IBM, Armonk, NY, USA). Statistical tests including the Student\'s *t*-test, one-way analysis of variance, Pearson\'s correlation, and linear regression were performed, and *p*\<0.05 was considered to be statistically significant.

Results
=======

The mean age of the study participants was 37.6±5.0, and the semen samples tested had a mean strict morphology of 5.9%±3.6%, a mean abnormal sperm structure of 24.1%±14.5%, and a mean abnormal sperm condensation of 18.8%±10.2%.

The percentage of abnormal sperm chromatin structure and condensation was compared between the two strict morphology groups ([Table 1](#T1){ref-type="table"}). No statistically significant differences were found between the normal and abnormal strict morphology groups (*p*\>0.05).

Participants were classified by age into three groups as follows: group 1 of age ≤34 (n=32), group 2 aged between 35 and 39 years (n=34) and group 3 of age ≥40 years (n=34) ([Table 2](#T2){ref-type="table"}). The prevalence of abnormal strict morphology, and abnormal sperm chromatin structure and condensation did not show any statistically significant difference according to male age (*p*=0.605, *p*=0.235, and *p*=0.080).

[Table 3](#T3){ref-type="table"} demonstrates Pearson\'s correlation coefficient among male age, strict morphology, abnormal sperm chromatin structure, and condensation. Although no significant correlations were observed among male age, strict morphology, and abnormal sperm chromatin structure (*p*\>0.05), sperm chromatin condensation showed good correlation with strict morphology (*r*=-0.219, *p*=0.029) and a positive and significant correlation existed with sperm chromatin structure (*r*=0.594, *p*=0.000) ([Figure 2](#F2){ref-type="fig"}).

Sperm chromatin condensation was negatively correlated with strict morphology in the overall strict morphology (*r*=-0.219, *p*=0.0029). This significant correlation, however, was lost when the strict morphology was split into the two groups according to the lower reference limit for normal forms (independent-samples *t*-test: *p*=0.097) ([Figure 3](#F3){ref-type="fig"}).

Discussion
==========

The diagnosis of male infertility has been traditionally diagnosed based upon analysis of sperm concentration, motility, and morphology as routine indicators of human semen quality \[[@B18]\]. However, these parameters may not reveal subtle defects such as sperm DNA damage. Previous studies investigating sperm DNA damage have shown that sperm damage is more common in infertile men and also associated with spontaneous recurrent miscarriage \[[@B6]\]. Although the mechanisms of sperm chromatin abnormalities in human spermatozoa are not completely understood, defective sperm chromatin packaging, abortive apoptosis, and oxidative stress have been proposed \[[@B10]\]. Different methods have been suggested for evaluating sperm DNA damage. Since studies have not extensively investigated the relationship between sperm DNA damage and reproductive outcomes, the routine use of DNA integrity tests in the clinical evaluation of male factor infertility is controversial \[[@B19],[@B20]\].

In the present study, the relationship between sperm abnormal chromatin structure and condensation was evaluated by cytochemical assays, and the clinical usefulness of these tests was also assessed.

Hammadeh et al. \[[@B21]\] carried out AB staining to determine the value of analysis of sperm chromatin condensation in the assessment of male fertility. They reported that a significant difference was observed between patients and healthy donors. However, no correlation was found between sperm chromatin condensation and morphology, count, and motility. Their results suggested that chromatin condensation constitutes a valuable parameter in the assessment of male fertility, completely independent of conventional sperm parameters. In our results, although the percentage of abnormal sperm chromatin structure and condensation between the normal and abnormal strict morphology groups did show no statistically significant differences (*p*\>0.05), abnormal sperm chromatin condensation was negatively correlated with strict morphology in the overall strict morphology analysis (*p*\<0.005). These results correspond well with those of the earlier study that reported that the percentage of normal sperm chromatin condensation heads was much higher in the population of morphologically normal forms than in that of abnormal forms \[[@B11]\].

This study also investigated the influence of male age on strict morphology, abnormal sperm chromatin structure, and condensation. The results did not show any statistical significance according to male age (*p*=0.605, *p*=0.235, and *p*=0.080). Nijs et al. \[[@B22]\] proposed that their data on 278 patients undergoing a first IVF or ICSI treatment could not demonstrate any male age-related influences on sperm concentration, motility, or morphology; neither was a significant increase in DNA fragmentation nor the presence of immature chromatin (measured sperm chromatin structural assay) noted. Wong et al. \[[@B15]\] compared the AB assay with and without eosin, and searched for a correlation between the results and pregnancy outcomes after the ICSI procedure. They suggested that adding eosin counterstain to AB improved assessment of chromatin condensation and found no correlation between chromatin condensation and ICSI fertilization or male age.

Although sperm DNA damage is associated with lower pregnancy and ongoing pregnancy rates, a clinically relevant standard DNA damage test with a meaningful cut-off level has not yet been reported \[[@B23]\]. In a systematic review on the predictive value of DNA integrity tests (SCSA and TUNEL), Collins et al. \[[@B7]\] reported that routine testing for sperm DNA integrity is clinically worthwhile for infertile couples undergoing IVF and ICSI treatment. They suggested that the results do not provide a clinical indication for routine use of these tests in male evaluation. However, Talebi et al. \[[@B6]\] examined the possible relationship between sperm DNA integrity and chromatin packaging evaluated by cytochemical assays (AB, chromomycin A3, toluidine blue, acridine orange), traditional sperm parameters, and RSA of unknown origin. Their data showed that the RSA group had less chromatin condensation and poorer DNA integrity than fertile men with no history of RSA, and that the strict morphology did not differ between the two groups.

In the present study, there are a few limitations. Firstly, the sample size of the study was small, and this might have limited the examination of clinical usefulness. Our findings could be due to chance and should be interpreted with caution. Second, the data did not include clinical outcomes including the fertilization or pregnancy rate.

In conclusion, the test for sperm chromatin condensation was significantly correlated with sperm morphology. If CASA and strict morphology are routinely used to assess male partners, it may be sufficient to recommend them to patients. However, sperm chromatin tests may be considered in the evaluation of selected couples, including those with RSA and unexplained infertility.
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![(A) Sperm chromatin structure assessed by toluidine blue staining. Sperm cell heads with good chromatin structure were light blue; those of abnormal chromatin structure were deep violet (arrow, ×1,000). (B) Sperm chromatin condensation assessed by aniline blue. Immature sperm stained dark blue by the eosin counterstain (arrowheads, ×1,000).](cerm-40-23-g001){#F1}
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![Correlation between the percentage of sperm cells with abnormal chromatin condensation and strict morphology.](cerm-40-23-g003){#F3}

###### 

Mean percentage of sperm DNA integrity and chromatin condensation assessed by strict morphology

![](cerm-40-23-i001)

Values are presented as mean±SD.

^a^Statistical significance was tested by an independent-samples *t*-test. A statistical difference was not observed between the two groups.

###### 

Comparison of strict morphology, abnormal chromatin structure, and abnormal chromatin condensation among (different) age groups
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Values are presented as mean±SD.

^a^Statistical significances were tested by one-way analysis of variance among groups.

###### 

Correlation among male age, strict morphology, abnormal chromatin structure, and abnormal chromatin condensation
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r, correlation coefficient.

^a^Statistical significance in Pearson\'s correlation was reached when *p*\<0.05.
